We estimate the relationship between maternal age and child outcomes, using indices aimed at measuring overall outcomes, learning outcomes, and social outcomes. In all cases, we find evidence that children of older mothers have higher outcomes. Not only do children born to mothers in their twenties do better than children born to teen mothers, but children born to mothers in their thirties do better than children born to mothers in their twenties. However, when we control for other socioeconomic characteristics, such as family income, parental education, and single parenthood, the coefficients on maternal age become small and statistically insignificant. The only exception is an index of social outcomes, which is positively associated with maternal age, even controlling for socioeconomic factors. For cognitive outcomes, young motherhood appears to be a marker, not a cause, of poor child outcomes.
Introduction
Most studies of early childbearing have focused on the consequences for the mother in terms of employment, human capital accumulation, and earnings. However, it is possible that a mother's age also has a causal effect on her child's outcomes. Further, while most studies have concentrated on teenage motherhood, policymakers might also be concerned with the relationship for older mothers. Put simply, we might want to know not only whether children of 28 year-old mothers do better than children of 18 year-old mothers, but also whether children of 38 year-old mothers do better than children of 28 year-old mothers.
While most government policies ignore maternal age in a statutory sense, they may have a differential effect in an economic sense. For example, a Maternity Payment (‗Baby Bonus') of $5,000 is likely to have a larger impact on the behaviour of an 18 year-old mother than of a 38 year-old mother, due to the different hourly wages and wealth levels of the two individuals. Conversely, higher levels of government assistance for in vitro fertilisation treatments (IVF) are likely to increase the share of older mothers. Better understanding the development of children born to mothers of different ages is therefore relevant to shaping government policy even in an environment where maternal age is rarely an explicit condition of benefit receipt.
In theory, there are various channels through which maternal age might affect children's outcomes. Theories suggesting that maternal age will be positively 3 correlated with child outcomes include the possibility that younger mothers may be emotionally unprepared for motherhood, that they may have less parenting skills than if they had become parents at an older age, that they may be less sensitive in responding to their infants, or that they may make more poorly informed choices about daycare, preschool and kindergarten. Conversely, it might be the case that maternal age will be negatively correlated with child outcomes -for example if older mothers are less physically fit, have less support from grandparents, or spend less time with their children because their opportunity cost (market wage) is higher.
In this paper, we estimate the relationship between the age of a child's mother and the outcome indices for their children in early years (ages 4-5). We use data from Australia, which has seen a steady shift towards women having children at an older age. Each year, the age of the typical mother rises by approximately two months. Yet there has been little evidence on whether this substantial social change might have a positive or negative impact on children.
A major empirical challenge in estimating the causal effect of maternal age on children's outcomes is that any observed correlation will not necessarily imply causality. For example, women who have babies at a young age may also be poorer, less educated, and less likely to be married than older mothers. Younger mothers may also be different with respect to unobservable characteristics, such as intrinsic motivation, academic aptitude and social networks. If the kinds of women who have 4 children at a young age are systematically different from the kinds of women who have children at older ages, then we cannot assume that differences in the outcomes of children of younger mothers and older mothers tell us what would happen if the same woman chose to delay childbearing. To a modest extent, we can address some of these difficulties by carrying out a multiple regression in which we hold constant observable factors such as family income, whether there are two parents present, and the presence of siblings.
To preview our findings, we observe a positive and statistically significant relationship between maternal age and children's outcomes. This relationship exists not only when comparing teenage mothers with mothers in their twenties, but also across other ages. However, the relationship is quite sensitive to the addition of other controls, suggesting that mother's age may be a proxy for other indices of disadvantage. For the overall index and learning index (though not for the social index), mother's age has no significant association with child outcomes once socioeconomic controls are added to the regression.
The remainder of this paper is structured as follows. In Section 2, we provide some background to our study by presenting an overview of trends in maternal age over recent decades, and reviewing the literature on the relationship between maternal age and child outcomes. In Section 3, we discuss the data from which our results are drawn: the Longitudinal Survey of Australian Children (LSAC). In Section 4, we 5 present results, showing the relationship between maternal age and the overall, learning and social indices. The final section concludes.
Background (a) Trends in Maternal Age
Over the past two decades, there has been a steady increase in the median age at which Australian women have their first child, and subsequent children. Figure 1 charts the median age of all confinements (that is, pregnancies that resulted in at least one live birth) and first nuptial confinements, using data up to 2004 from the ABS Births series. Over the period 1984-2004, the median age at first nuptial confinement increased by about 4½ years, while the median age of all confinements increased by about 3½ years.
1 The trend is approximately linear. Over the period 1984-2004, the median age of new mothers rose by about 2 months per year, while the median age at which married mothers had their first child rose by about 3 months per year.
<Figure 1>
To see these patterns in more detail, Figure 2 charts age-specific fertility rates by 5-year bands, for selected years between 1924 and 2004 . Comparing 1984 and 2004 it can be seen that while the number of teenage mothers has fallen slightly, the largest 6 changes are among women aged 20-24 (whose fertility rates have nearly halved), and women aged 35-39 (whose fertility rates have more than doubled). The most significant changes in childbearing over recent decades is the shift from women having children in their twenties to women having children in their thirties.
<Figure 2>
(b) Previous Literature
Most of the literature on maternal age and children's educational performance has used data from the United States. 2 The initial wave of studies in this literature tended to find that children of young or teenage mothers have lower test scores, lower educational attainment, and more behavioural problems than children born to older mothers. In general, these studies found effects that were both statistically significant, and of a substantial magnitude.
For example, using test scores when children were aged 15-17, Card (1981) reported that the cognitive gap between those born to teenage parents and those born to older parents was 0.4 standard deviations. Similarly, Dubow and Luster (1990) Baldwin & Cain, 1980; Furstenberg et al., 1987; Fergusson & Lynskey, 1993; Moore et al., 1997; Levine. 2001; Fergusson & Woodward, 1999.) However, not all studies have found a positive association between a mother's age and her child's outcomes. Using US data from the 1979 National Longitudinal Survey of Youth, Geronimus et al. (1994) found no significant difference in the test scores of US children with teenage mothers and non-teenage mothers. 3 A similar analysis by Turley (2003) used additional waves of the same survey, and coded mother's age as a continuous variable. The study concluded that once sister-pair fixed effects were added to the regression, there was no significant relationship between maternal age and mathematics or vocabulary scores (though the coefficient on maternal age was still positive and significant when the dependent variable was reading scores).
A potentially confounding factor affecting the relationship between child outcomes 8 and maternal age is maternal education. Using data from Wisconsin, Barratt (1991) noted that the correlation between a mother's age at child birth and the child's score on the Peabody Picture Vocabulary Test was 0.09, much lower than the correlation between a mother's education and the child's score, which was 0.19. Using data from Florida, Hollander (2001) found that controlling for maternal education, marital status, poverty, and race eliminated the positive association between educational achievement and maternal age. Indeed, controlling for parental background, children born to mothers aged over 35 were more likely to be placed in classes for children with mild mental handicaps (this is the only study we know of that finds a negative relationship between maternal age and child educational outcomes). The variables in LSAC are created from direct measurements or tests of children, or from questioning the parents. From these variables the continuous, standardised 9 LSAC Outcome Indices are created by the survey team as composite measures to describe children's development. To be specific, three indices on physical, social and emotional, and learning domains were created, plus an overall index, which is the mean of the three indices. These indices were standardised to a mean of 100 and a standard deviation of 10. Since our focus is on cognitive and social skills, we do not analyse differences in the physical domain, though it does come into our analysis via the overall index (of which the physical domain comprises one-third). Together with these indices, indicators for the bottom (problematic) 15 per cent children in each area are also generated. These indices are described in more detail in Appendix 1. For more details, see Sanson et al. (2005) . We create an additional indicator which equals one if the studied child is in a problematic area in any of the three domains, and zero otherwise.
In this paper, we focus on the development of the 4-5 year-olds, for whom we have detailed development indicators. In total, there are 4,983 children in the sample. We first dropped 8 children who do not have a parent in the household (where parent includes biological, adopted, step and foster parents). We then dropped 875 observations in which household income is missing, 2 observations in which Indigenous status is missing, 64 observations in which birth weight is missing, 5
observations in which father's education is missing, 6 observations where LSAC indices are missing, and 27 observations where mother's age is missing. Comparisons of the socioeconomic variables in the full sample and sub-sample do not indicate any substantial sample selection problems (see Appendix 2).
Our final sample consists of 3,996 observations. Table 1 shows summary statistics for the variables reported in our tables. Importantly for our purposes, the average mother in our sample was aged 30 years and 3 months at the time of her child's birth, which is close to the median age in the general population in 2000 (29.8 years). Figure 3 shows a histogram of the ages of mothers in our sample, and of mothers in the general population who gave birth in 2000. 
Maternal Age and Child Outcomes
In this section, we estimate several models, following a common pattern. The first model (shown in column 1 of Tables 2-7) estimates the relationship between the outcome index and a quadratic in mother's age, controlling only for the age and sex of the child. (A quadratic is used to allow for the possibility that the effect of maternal age on child outcomes is non-linear.) We regard this first model as the uncontrolled relationship between maternal age and children's outcomes. In the second model (shown in column 2 of Tables 2-7) , we include a control for family income. In the third model (shown in column 3 of Tables 2-7) , we include a set of socioeconomic controls that may be correlated with both maternal age and child outcomes: language spoken at home, Indigenous status, having both parents present, parental education, presence of siblings, whether siblings are older or younger, indicator variables for each state and territory, an indicator for living in a metropolitan area, an indicator for living in a remote area, and a composite index of the socioeconomic status of the neighbourhood. 4 In the fourth model (shown in column 4 of Tables 2-7), we add a 12 control for child's birth weight.
In each case, we focus on maternal age rather than paternal age, since this has been the main variable of interest in the literature. Not surprisingly, however, the ages of a child's mother and father are highly correlated (=0.66). Since we do not control for paternal age, our results should therefore be regarded as indicative of the effects of having older parents, not merely an older mother. 5 While our regressions include a detailed set of socioeconomic indicators, we deliberately do not include behavioural controls. We regard measures of the parental environment (for example parenting style, time spent with children, smoking, excessive risk-taking), as potential channels through which maternal age might affect child outcomes. As such, we do not include these controls in our regressions.
Our regressions take the following form. Let y i be the continuous index (overall, learning domain, or social domain), and d i be the discrete problem indicators, then the linear model and probit are specified as follows, respectively:
Census. 5 An important point made in the recent literature on maternal age and test scores is that one should not necessarily assume that maternal age is exogenous. Similarly, one should not assume that the gap between parents' ages is exogenous. For example, a recent paper in the medical literature has found that when controlling for the other parent's age, maternal age is positively related to test scores, while paternal age is negatively related to test scores (Saha et al., 2009 ). However, if the age gap between partners is correlated with unobservables (such as emotional intelligence or the quality of time spent with children), then this approach will produce a biased estimate of the causal impact of maternal age on children's outcomes.
x is the vector of explanatory variables, α, β, γ, and η are parameters, ε i is the error term in the linear model, and Ф is the cumulative normal function. The coefficients in (1) give out the marginal effect of the corresponding variables on index y i , other things equal. The coefficients in (2) are presented as marginal effects (rather than probit coefficients) in the tables. Tables 2, 3 and 4 show the results using the continuous indices. In the first columns of each of these tables, we find that -controlling for the child's age and sex -children of mothers who are one year older score 1.0 to 1.6 points higher on the overall index, and the marginal effect of maternal age diminishes slightly for older mothers.
6 These effects are substantial. One way to put the maternal age effects into context is to compare them to the child's age coefficients. For the overall index and learning index, a 5 year-old child born to a 30 year-old mother scores at a similar level to a 4 year-old child born to a 31 year-old mother. Another approach is to compare the maternal age coefficients to the child's gender coefficients. On each of the three tests, girls score significantly better than boys. For each of the indices, a girl born to a 30 year-old mother scores at a similar level to a boy born to a 32 or 33 year-old mother.
6 Combining the effects of Mother's Age and Mother's Age 2 , the effect of an additional year of maternal age does not become negative until the mid-forties. As Figures 2 and 3 show, very few women bear children in their mid-forties.
However, the maternal age coefficient is highly sensitive to the addition of controls.
In the second column, we control for family income (an important determinant of child outcomes, and a marker of other forms of advantage). This reduces the maternal age coefficients by one-half in the overall index specification, by two-thirds in the learning index specification, and by two-thirds in the social index specification.
In the third column, we add a fuller set of socioeconomic controls, and find that this further reduces the association between maternal age and child outcomes. For both the overall and learning indices, the coefficients on maternal age attenuate towards zero and become statistically insignificant. However, in the social index specification, the relationship between maternal age and child outcomes is robust to including socioeconomic controls. This remains true even when we control for the child's birth weight. Overall, our specifications explain between 4 and 16 per cent of the variance in children's outcome indices.
The magnitude of the maternal age coefficients in the social index specifications are both statistically and economically significant. For example, the coefficients in the fourth column of Table 4 suggest that a child of a 30 year-old mother with the same socioeconomic characteristics as a 20 year-old mother would be expected to have a social index that was 2.4 points higher (around one-quarter of a standard deviation). This difference is more than twice the marginal effect of doubling family income (holding the other socioeconomic measures constant). However, it remains possible that in this specification the maternal age coefficient is still picking up the impact of other unobserved family characteristics. Since our data do not provide exogenous variation in maternal age (and do not permit us to estimate a model with sister-pair fixed effects), the result on the social index should be viewed with some caution.
<Table 2> <Table 3> <Table 4>
Tables 5, 6 and 7 show results from a probit specification, in which the dependent variable is an indicator for whether the child is below the lower cut-off for particular indices. In Table 5 , the dependent variable is equal to 1 if the child is below the lower cut-off for any of the three indices (physical, learning or social). In Tables 6 and 7, the dependent variable denotes being below the lower cut-off for the learning index and social index, respectively.
In each of these specifications, we find that the relationship between maternal age and child outcomes is not robust to the inclusion of additional controls. When controlling only for child age and sex (column 1), children with older mothers are less likely to be in a problematic area. But with the addition of family income, the coefficients on maternal age become small and statistically insignificant. Adding controls for socioeconomic status and birth weight further attenuates the coefficients. In sum, we which the mother is aged 38. find no robust evidence of a causal link between maternal age and the chance that a child will be in a problematic area for the key indices.
<Table 5> <Table 6> <Table 7>
Until this point, we have imposed a specific functional form on the relationship between maternal age and child outcomes. In the above tables, we include a quadratic in maternal age, which is more flexible than the linear specification used in most of the literature, but which is still unlikely to be a perfect fit to the data.
To explore the non-parametric relationship between children's overall outcome indices and maternal age, we therefore estimate a regression akin to that presented in the first column of Table 2 , but with dummy variables for mother's age used in place of the quadratic in mother's age. 8 The excluded group is teenage mothers, so all coefficients show the relationship between maternal age and the outcome index, relative to teen mothers. for mothers in their early twenties, 0.5 standard deviations higher for mothers in their mid-twenties, and 0.6 standard deviations higher for mothers in their thirties. We find no evidence that the association between maternal age and the outcome index becomes negative at older ages, though the standard errors are quite large for women aged over 40.
<Figure 4>
To create Figure 5 , we estimate a similar regression, but this time including controls for socioeconomic status (analogous to the third column of Table 2 , but with maternal age dummies in place of the maternal age quadratic).
9 Although the point estimates on the coefficients range from 0 to 3, almost none of the coefficients are statistically significant (that is, the bottom 95 per cent confidence band generally lies below zero).
This underscores the results in Table 2 : even allowing maternal age to take a flexible functional form, mother's age has no statistically significant association with the outcome index once socioeconomic controls are added to the regression. x is a vector of other SES variables (indicator variables for speaking English at home, Indigenous status, having both parents present, presence of a sibling in the home, whether that sibling is younger, four indicator variables for mother's education, four indicator variables for father's education, separate indicator variables for each state and territory, an indicator for living in a metropolitan area, an indicator for living in a remote area, and the ABS SEIFA advantage/disadvantage index of the socioeconomic status of the neighbourhood), α, , and  are parameters, and ε i is the error term in the linear model. 
Conclusion
In this paper, we ask two questions: How is maternal age related to child achievement? And is this relationship robust to holding constant family background? We find that children of older mothers do indeed perform better. In a simple specification, controlling only for a child's age and sex, maternal age is positively correlated with a child's learning, social and overall indices. The marginal effect of mother's age is stronger for younger mothers, but we find some evidence of better outcomes for children born to women in their thirties compared to children born to women in their twenties.
However, when we control for family income and a basic set of socioeconomic controls, the relationship between maternal age and child outcomes becomes statistically insignificant for the overall and learning index, and for the probability of being below the lower cut-off for the overall, learning or social index. This suggests that for these outcomes, maternal age at birth is not causing children to perform worse.
For most child outcomes, maternal age is not the culprit for low cognitive performance, but merely a marker of other forms of disadvantage.
For government policy, the distinction between a marker and a cause has important implications. Since children with younger mothers generally have lower scores, it may sometimes be efficient to target additional government assistance towards the children of younger mothers. However, policymakers should be cautious about spending additional resources on programs that encourage young women to delay childbirth, since it is unlikely that maternal age has a causal impact on children's cognitive performance.
For the social outcome index, the relationship between maternal age and child outcomes is robust to adding socioeconomic controls. This raises two possibilities: first, it might be the case that our controls are not fully capturing important differences in family background that are correlated with both maternal age and child outcomes. Or second, it might be that maternal age affects children's social development, but not their cognitive development. Since most of the existing literature has used test scores (a measure of cognitive development) as the outcome variable, this would not necessarily be inconsistent with the existing literature. (b) Literacy Parent rating of reading skills: parent rating on 3 yes/no items assessing whether a child has obtained reading skills at different levels of complexity, summed to give scores from 0 (good) to 3 (poor). Teacher rating of reading skills: teacher yes/no ratings on 5 items; 0 = poor skills, 5 = strong skills; available for 64 per cent of the sample. Items assess the level of complexity a child is capable of reading as well as the child's interest in reading. Teacher rating of writing skills: teacher yes/no ratings on 6 items; 0 = poor skills, 6 = strong skills; available for 65 per cent of the sample. Items assess the level of complexity of the child's writing skills as well as the child's interest in writing.
(c) Numeracy
Teacher rating of numeracy skills: teacher yes/no ratings on 5 items; 0 = poor skills, 5 = strong skills; available on about 64 per cent of the sample. Items assess the child's ability to perform numeric tasks such as counting, classifying, and simple addition, along with the ability to recognise numbers.
(d) Approach to learning
Who Am I? (WAI): Standardised score based on interviewer administration of the ‗Who Am I? '(ACER, 1999) , an Australian measure which assesses a child's ability to perform a range of tasks such as reading, writing, copying, and symbol recognition, as a measure of school readiness.
Social/Emotional Index
Comprised from social competence, internalising and externalising.
(a) Social competence SDQ Prosocial: mean of 5 parent-rated items in the Prosocial sub-scale of the Strengths and Difficulties Questionnaire (SDQ, Goodman, 1999) , assessing the child's propensity to behave in a way that is considerate and helpful to others, with items scored from 1 (not true) to 3 (certainly true); adequate reliability (alpha = .66). SDQ Peer problems: mean of 5 parent-rated items in the Peer sub-scale of the SDQ, assessing problems in the child's ability to form positive relationships with other children, with items scored from 1 (not true) to 3 (certainly true); fair reliability (alpha = .50).
(b) Internalising SDQ Emotional symptoms: mean of 5 parent-rated items in the Emotional Symptoms sub-scale of the SDQ, assessing a child's frequency of display of negative emotional states (for example nervousness, worry), with items scored from 1 (not true) to 3 (certainly true); fair reliability (alpha = .58).
(c) Externalising SDQ Hyperactivity: mean of 5 parent-rated items in the Hyperactivity sub-scale of the SDQ, assessing a child's fidgetiness, concentration span and impulsiveness, with items scored from 1 (not true) to 3 (certainly true); good reliability (alpha = .74). SDQ Conduct: mean of 5 parent-rated items in the Conduct sub-scale of the SDQ, assessing a child's tendency to display problem behaviours when interacting with others, with items scored from 1 (not true) to 3 (certainly true); good reliability (alpha = .69).
Overall Index
Comprised from the learning index, social/emotional index, and the physical index, which is based on:
(a) Health Overall health rating: single parent-rated item of child's health, from 1 (excellent) to 5 (poor). Special health care needs: single derived yes/no item based on 6 component items indicating whether a child needed medication or more health care than the average child due to a condition that has lasted or was expected to last 12 months or more. Body-Mass Index (BMI): calculated from directly assessed variables of child's height and weight.
(b) Motor PEDS QL Physical health subscale summary: 8-item parent-reported Physical sub-scale from PEDS QL (Varni, 1999) , largely assessing motor coordination, but also containing 2 items about more general health, scaled to range from 0 (poor) to 100 (good). 1 9 2 5 1 9 2 9 1 9 3 3 1 9 3 7 1 9 4 1 1 9 4 5 1 9 4 9 1 9 5 3 1 9 5 7 1 9 6 1 1 9 6 5 1 9 6 9 1 9 7 3 1 9 7 7 1 9 8 1 1 9 8 5 1 9 8 9 1 9 9 3 1 9 9 7 2 0 0 1 Year Notes: Dependent variable is an indicator for whether the child is in a problematic area for any of the three indices (physical, social, or learning). Coefficients are marginal probabilities from a probit model. Standard errors in brackets. *, ** and *** denote statistical significance at the 10 per cent, 5 per cent and 1 per cent levels, respectively. SES controls are indicator variables for speaking English at home, Indigenous status, having both parents present, presence of a sibling in the home, whether that sibling is younger, four indicator variables for mother's education, four indicator variables for father's education, separate indicator variables for each state and territory, an indicator for living in a metropolitan area, an indicator for living in a remote area, and the ABS SEIFA advantage/disadvantage index of the socioeconomic status of the neighbourhood. 
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